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SUMMARY 

/  The  abrasion  mass  loss  and  hydrostatic  head  of  a  nylon  and  of  a  cotton  fabric,  each 
coated  with  natural  rubber,  neoprene,  polyurethane  (PU)  or  chlorosulphonated  polyethylene 
(CSPE)  and  exposed  to  various  weathering  conditions,  were  determined. 

Correlations  between  hydrostatic  head  and  abrasion  mass  loss  were  generally  low. 

During  abrasion,  coated  nylon  fabrics  lost  more  mass  than  coated  cotton  fabrics. 
CSPE  was  most  susceptible  to  abrasion,  particularly  on  nylon,  though  with  little 
dependence  on  conditions  of  exposure.  Neoprene  was  worse  on  cotton.  PU  had  the  lowest 
mass  loss  and  least  susceptibility  to  exposure  conditions,  except  at  Innisfail,  Natural 
rubber  lost  more  mass  on  abrasion  than  neoprene  or  PU,  especially  at  PERME.  Load  during 
exposure  had  a  negligible  effect... 
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1  INTRODUCTION 

The  exposure  of  rubber-coated  fabrics  for  up  to  I  year  of  weathering,  and  the 

effects  of  this  on  their  flexibilities,  strengths  and  breaking  extensions,  and  tearing 

1-3 

strengths  have  previously  been  reported 

In  a  collaborative  trial  involving  several  Establishments  of  MOD(PE)  and  JTRU, 
nylon  and  cotton  base  fabrics  of  similar  mass  per  unit  area  were  coated  with  natural, 
neoprene,  polyurethane  (PU)  or  chlorosulphonated  polyethylene  (CSPE)  rubber.  These 
coated  fabrics  were  exposed  for  3,  6  or  12  months,  and  a  second  period  of  6  months 

('6  months  stepped1  or  ’  6S')  commencing  at  the  end  nf  the  first,  under  loads  of  1%  or  10% 

of  the  nominal  breaking  strengths.  Pieces  of  fabric  were  positioned  at  45°  to  the  hori¬ 
zontal  and  facing  the  equator  at  a  site  in  the  UK  (PERME,  Waltham  Abbey)  and  at  two  sites 

in  Queensland  (hot,  dry  at  Cloncurry,  and  hot,  wet,  cleared  jungle  at  Innisfail). 

The  coated  nylon  fabrics  were  found  to  be  thicker,  heavier  and  less  flexible  than 
the  coated  cotton  fabrics;  PU  rubber,  particularly  on  nylon,  stiffened  more  than  the 
other  rubbers  during  exposure.  The  coated  nylon  fabrics  were  stronger  and  more  extens¬ 
ible  than  the  cotton  ones,  but  those  coated  with  natural-rubber  lost  strength  and  exten¬ 
sibility  at  a  faster  rate  when  exposed  under  load.  Nylon  coated  with  PU  was  initially 
stronger  and  more  extensible  than  when  coated  with  the  other  rubbers,  but  lost  these 
properties  faster  at  Innisfail.  Extension  was  more  severely  affected  than  strength  by 
load  during  exposure.  The  coated  nylon  fabrics  had  higher  tear  strengths  than  the  cotton 
ones,  but  were  more  variable,  PU-coated  nylon  increased  in  tear  strength  in  Australia 
due  to  coating  failure,  but  natural-rubber  coated  cotton  decreased  on  exposure  in  UK. 

Load  during  exposure  increased  the  loss  of  tear  strength  of  the  natural-rubber  coated 
fabrics . 

To  complete  the  experimental  work  envisaged  when  the  trial  was  set  up,  mass  losses 
on  abrasion  and  the  subsequent  hydrostatic  heads  of  the  fabrics  were  determined.  The 
present  Report  gives  the  results  and  their  analyses. 

2  DETERMINATION  OF  ABRASION  AND  HYDROSTATIC  HEAD 
(a)  Abrasion 

4 

The  abrasion  of  each  specimen  was  measured  using  a  Martindale  abrasion  tester 

situated  in  an  atmosphere  of  65%  relative  humidity  at  20°C.  The  abradant  was  I80C 

2 

silicon  carbide  paper  acting  under  a  pressure  of  8.19  kN/m  over  a  working  abradant  head 
2 

area  of  6.45  cm  .  The  specimen  and  abradant  were,  however,  reversed  in  position  compared 
with  the  standard  because  wear  was  more  uniform  and  the  abraded  area  was  larger,  allowing 
sufficient  area  for  subsequent  hydrostatic  head  tests.  Abrasion  was  continued  until  a 
degree  of  wear  judged  by  visual  appearance  had  been  attained,  the  number  of  cycles  being 
noted.  Specimens  were  weighed  before  and  after  abrasion.  The  test  was  repeated  on  the 
other  face  of  the  fabric.  Two  replicates  were  available  for  most  of  the  exposure 
condi tions . 
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After  abrasion  the  specimens  were  subjected  under  standard^  conditions  to  steadily 
increasing  water  pressure  on  one  face  until  penetration  occurred.  The  pressures  at 
which  the  first,  third  and  multiple  bubbles  were  observed  were  measured  by  water  mano¬ 
meter  or,  for  pressures  between  about  100cm  and  300cm  head  of  water,  by  mercury 
manometer . 

3  ARRANGEMENT  OF  RESULTS 

The  sums  of  the  losses  of  mass  from  both  faces  over  the  area  abraded  during  the 
(variable)  numbers  of  cycles  of  abrasion  actually  applied  are  given  in  Table  1  (tests  a), 
together  with  the  hydrostatic  head  in  cm  water  pressure  after  these  cycles  (tests  b). 

The  first  bubble  was  used  as  the  criterion  for  the  hydrostatic  head  since  more  results 
were  available  within  the  capacity  of  the  instrument.  Tests  a  and  b  were  subjected  to 
correlation  analysis  by  fabric  and  by  site,  analysis  of  variance  of  the  hydrostatic  head 
results  not  being  possible  because  of  the  different  numbers  of  cycles  applied  to  the 
specimens . 

These  correlations  are  described  in  section  4  before  dealing  with  the  effects  of 
exposure  on  abrasion.  This  was  because  the  actual  results  in  Table  1  were  used  for  the 
correlations,  whereas  derived  values  were  used  for  the  abrasion  effects. 

2 

To  analyse  the  abrasion,  the  mass  losses  were  normalised  to  g/m  per  1000  cycles 
assuming  that  the  losses  were  linear  with  number  of  cycles  over  the  range  considered. 

The  results  for  each  face  were  then  summed  and  are  given  in  Table  2.  It  was  thought 
necessary  to  adopt  this  procedure  rather  than  to  analyse  each  face  separately  because, 
although  the  trial  schedule  stipulated  that  the  face  carrying  identifying  markings  should 
be  exposed  down-facing,  there  was  doubt  as  to  whether  this  was  so  in  all  cases.  The 
reason  for  this  doubt  was  that,  assuming  that  the  exposed  face  would  be  more  susceptible 
to  abrasion,  the  difference  between  the  mass  loss  from  the  unmarked  and  marked  faces 

should  be  positive.  However,  39%  of  all  395  differences,  27%  of  the  99  differences 

2  2 
greater  than  10  g/m  per  1000  cycles,  and  16%  of  the  49  differences  greater  than  20  g/m 

per  1000  cycles  were  negative. 

The  abrasion  results  were  divided  into  the  same  nine  sets  as  for  breaking 
2  3 

strength  and  tear  strength  ,  it  not  being  possible  to  consider  the  results  as  a  whole 
because  of  specimen  losses.  The  342  usable  abrasion  values  were  analysed  by  computer, 
using  as  the  sets  the  following  columns  from  Table  2: 
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Set 

No.  of 
columns 
in  set 

No .  of 
results 
in  set 

Columns  from 

Table  2  used 

Brief  description 

2 

32 

A,  B 

Controls 

6 

96 

C, D,K,L, S,T 

3  months 

(c) 

12 

192 

C,E,C, I,K,M,0,Q,S,U,W,Y 

1% 

<d) 

24 

96 

c-z 

Natural-rubber 

(e) 

8 

128 

C-J 

PERME 

(f) 

6 

96 

A, B,C,E,G, I 

PERME,  1%,  with  controls 

(g) 

6 

96 

A,B,K,M,0,Q 

Cloncurry,  1%,  with  controls 

(h) 

6 

96 

A,B,S,U,W,Y 

Innisfail,  1%,  with  controls 

(i) 

24 

144 

. .  i 

c-z 

Nylon  with  three  rubbers 

4  CORRELATION  OF  ABRASION  AND  HYDROSTATIC  HEAD 

The  linear  and  quadratic  correlations  between  the  abrasion  mass  losses  and  the 
corresponding  hydrostatic  heads,  by  fabric  and  by  site,  are  given  in  Table  3,  together 
with  the  variance  ratios  for  the  significance  of  these  correlations.  It  was  not  possible 
to  subdivide  the  data  further,  eg  by  time,  because  of  too  few  degrees  of  freedom.  By 
comparing  means,  however,  it  appears  that  for  a  given  amount  of  abrasion,  the  hydrostatic 
head  of  PU  on  nylon  was  low,  whilst  for  CSPE  it  was  high. 

It  might  be  expected  that  a  greater  loss  of  coating  would  be  associated  with  a 
lower  hydrostatic  head,  ie  the  linear  correlations  should  be  negative.  Inspection  of 
Table  3  shows  that  this  was  so  for  24  of  the  linear  32  correlations  calculated.  However, 
the  significance  of  only  12  of  the  32  was  above  the  95%  probability  level,  and,  of  these 
12,  three,  all  at  PERME  and  including  the  only  correlation  significant  at  the  99.9%  level 
of  probability,  were  positive.  Addition  of  the  quadratic  components  into  the  correla¬ 
tions  did  not  alter  any  of  the  conclusions  relating  to  the  linear  correlations,  although 
the  significance  of  a  few  of  the  quadratic  components  indicated  that  curvature  might  play 
a  part  in  some  instances.  Since  high  hydrostatic  head  would  also  be  expected  to  occur 
with  low  abrasions  on  unexposed  fabrics,  a  U-shaped  curve  is  implied  in  some  instances. 
High  hydrostatic  heads  tended  to  be  associated  with  high  abrasion  after  exposures  of 
3  months,  suggesting  that  time  might  be  an  influencing  factor,  but  there  was  no  means  of 
confirming  this  from  the  recorded  data.  However,  it  could  mean  that  in  some  circum¬ 
stances  the  coating  may  have  degraded  to  an  extent  such  that  on  abrasion  the  amount  or 
type  of  detritus  produced  improved  coating  integrity. 

5  TEST  FOR  EQUALITY  OF  ABRASION  ERROR  VARIANCES 

2 

The  values  of  X  based  on  cell  ranges  (in  Table  2)  in  each  set  are  given  in 

Table  4.  Also  given  are  the  numbers  of  omissions  of  the  highest  of  the  ranges  needed  to 
2  ,  . 

reduce  x  so  that  the  probability  was  above  the  5%  level.  The  omissions  needed  were  as 
follows : 


C4 


Set 

Omissions  needed 

(a),  (d),  (K),  (10,  (i) 

None 

(b) 

Nylon/CSPE  Column  C;  Cotton/natural  Column  C 

(c) 

Nylon/CSPE  Column  E;  Nylon/PL  Column  U 

(e) 

Nylon/CSPE  Columns  F,  J,  E,  C;  Cotton/natural  Column  J; 
Cotton/neoprene  Column  H 

(o  ; 

Nylon/CSPE  Columns  E,  C;  Cot  ton/natural  Column  C 

There  was  a  preponderance  here  of  nylon/CSPE  at  PERME.  Analysis  of  variance  was  per¬ 
formed  on  all  the  sets,  but  circumspection  needed  to  be  exercised  in  respect  of  conclu¬ 

sions  relating  to  the  fabrics  and  conditions  having  high  error  particularly  in  the  higher 
order  interactions. 

6  ANALYSIS  OF  VARIANCE  AND  MEANS  OF  ABRASION  MASS  LOSS 

6 . 1  General 

The  analysis  of  errors  is  given  in  Table  5.  The  error  variance  was  lowest  in  the 
controls  and  highest  at  Cloncurry.  Except  at  Cloncurry,  coefficients  of  variation  were 
around  102.  The  lowest  overall  abrasion  loss  was  in  the  co  itrols,  and  the  highest  in 
nylon  and  in  natural  rubber. 

Variance  ratios  derived  from  analysis  of  variance  within  each  set  are  given  in 
Table  6.  The  effects  are  discussed  in  order  of  occurrence  in  Table  6  rather  than  in 

order  of  importance  since  the  latter  could  differ  in  the  various  sets.  Only  those 

effects  which  had  better  than  99.92  probability  of  being  correct  were  considered. 

The  mean  mass  losses  on  abrasion,  where  they  were  significantly  dependent  on 
factors,  are  given  in  Table  7,  and  the  associated  differences  required  between  means 
in  Table  8. 

6 . 2  Effect  of  fabric  (F) 

The  variance  ratios  for  F  in  Table  6  were  upwards  of  100  in  all  the  sets,  indicat¬ 
ing  that  the  base  fabric  was  important  in  affecting  abrasion  mass  loss.  The  losses  from 
nylon  were  greater  than  those  from  cotton,  generally  by  about  40%  (Table  7). 

6 . 3  Effect  of  rubber  (R) 

In  all  the  sets  the  variance  ratios  for  rubber  were  upwards  of  200  and  the  highest 
of  all  the  factors,  indicating  that  the  rubber  was  the  most  important  factor  determining 
abrasion.  The  order  was  generally  CSPE  ■  natural  >  neoprene  >  I'll,  though  in  the  controls 
the  differences  between  natural  and  neoprene,  or  between  neoprene  and  PL  were  not  signi¬ 
ficant,  nor  were  those  between  natural  and  neoprene  in  sets  (g)  or  (h) .  An  experimental 
observation  on  the  PlJ-coated  fabrics,  however,  was  that  the  coating  softened  during 
abrasion  and  tended  to  spread  out  under  load,  rather  than  be  removed;  this  was  most 
noticeable  after  exposure. 


W.\ 
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ft ♦ 4  Effect  of  Lime  (T) 

Time  was  significant  in  all  the  sets  except  (a).  The  latter  indicated  that  the 
final  control  de terminat ions  did  not  differ  from  the  originals.  In  the  other  sets,  the 
exposed  specimens  had  greater  abrasion  losses  than  the  unexposed,  and  generally  the 
12  months  losses  were  highest,  though  not  always  significantly  so.  The  high  loss  in 
set  (h)  at  6  months  is  anomalous  (see  also  the  TS,  FT  and  FRT  interactions). 

6 .5  Effect  of  load  (L) 

Load  during  exposure  played  a  negligible  part  in  determining  abrasion  losses.  The 
effect  is  not  listed  in  Table  7, 

6 . 6  Effect  of  site  (S) 

Site  was  significant  in  all  sets.  The  abrasion  losses  at  PERME  were  greater  than 
l other  sites,  though  in  set  (b)  not  significantly  more  than  at  Cloncurry. 

Clonjurry  was  worse  than  Innisfail  in  sets  (b)  and  (i),  but  there  was  no  demonstrated 
difference  between  them  in  sets  (c)  or  (d). 

6 . 7  Fabric  *  rubber  interaction  (FR) 

The  variance  ratios  for  the  FR  interaction  were  upwards  of  100  in  all  sets,  indi¬ 
cating  the  importance  of  the  effect  of  the  base  fabric  on  the  rubber  type.  In  particu¬ 
lar,  CSPE  on  nylon,  whether  exposed  or  unexposed,  lost  more  on  abrasion  than  when  on 
cotton,  whereas  neoprene  on  cotton  tended  to  lose  more  than  neoprene  on  nylon. 

ft . 8  Fabric  *  time  interaction  (FT) 

Only  in  set  (h)  was  this  interaction  significant,  and  even  there  it  was  at  a 
lower  level  of  probability  than  most  other  effects.  Since  set  (h)  contained  the  anoma¬ 
lous  6-raonth  results  noted  in  the  discussion  on  the  T  effect,  it  is  doubtful  whether  a 
time  effect  which  is  different  for  the  two  base  fabrics  has  been  den»nstrated ,  The 
interaction  is  therefore  not  listed  in  Table  7. 

6.9  Fabric  *  load  interaction  <^L) 

The  effect  of  fabric  was  not  dependent  on  the  load  during  exposure,  and  is  not 
listed  in  Table  7. 

6.10  Fabric  *  site  interaction  (FS) 

The  poorer  abrasion  performance  of  nylon  was  less  marked  after  exposure  at 
Innisfail  than  at  the  other  sites. 

6.11  Rubber  x  time  interaction  (RT) 

Time  affected  the  abrasion  losses  of  the  various  rubbers  to  differing  extents, 
though  it  is  not  clear  to  what  this  should  be  ascribed.  CSPE  occasionally  appeared  to 
be  anomalously  high,  though  not  at  any  consistent  time.  The  doubtful  columns  in 
section  5  did  not  seem  to  play  a  part  in  modifying  the  results. 
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6.12  Rubber  *  load  interaction  (RL) 

The  abrasion  of  the  various  rubbers  was  not  affected  by  the  load  during  exposure. 
The  interaction  is  therefore  not  listed  in  Table  7. 

6.13  Rubber  *  site  interaction  (RS) 

The  abrasion  of  the  rubbers  vas  affected  by  the  site.  The  natural-rubber  at  PERME 
and  PU  at  Innisfail  in  set  (c)  had  the  poorest  results  (see  FRS  and  FRTS  interactions). 

6.14  Time  x  load  interaction  (TL) 

Time  of  exposure  did  not  increase  the  effect  of  load  on  abrasion. 

6.15  Time  *  site  interaction  (TS) 

The  sites  differed  at  different  times  of  exposure.  In  sets  (d)  and  (i),  12  months 
at  PERME  gave  high  abrasion,  as  did  6  months  at  Innisfail,  though  the  latter  result  is 
anomalous . 

6.16  Load  *  site  interaction  (LS) 

The  effect  of  site  was  not  dependent  on  load  during  exposure.  The  interaction  is 
therefore  not  listed  in  Table  7. 

6.17  FRT  interaction 

This  interaction  was  significant  in  sets  (c),  (e),  (f)  and  (h),  but  not  in  (a)  or 
(g).  Natural-rubber  on  nylon  at  12  months  and,  more  particularly,  PU  on  nylon  at  6  and 
12  months  in  sets  (c)  and  (h)  gave  abnormally  high  abrasion  losses  (see  FRTS 
interaction) . 

6.18  FRL  interaction 

The  FR  interaction  was  not  dependent  on  load  during  exposure,  and  is  therefore  not 
listed  in  Table  7. 

6.19  FRS  interaction 

Natural-rubber  on  nylon  did  rather  badly  at  PERME.  In  addition,  CSPE  on  nylon  was 
similarly  poorer  at  Cloncurry  in  set  (b),  and  PU  on  nylon  at  Innisfail  in  set  (c) . 

6 . 20  FTL  interaction 

The  FT  interaction  was  not  dependent  on  load  during  exposure,  and  is  therefore  not 
listed  in  Table  7. 

6.21  FIS  interaction 

In  set  (c) ,  the  significance  of  this  interaction  seems  to  have  been  due  to  the 
somewhat  poorer  abrasion  performance  of  nylon  and  cotton  fabrics  at  Innisfail  after 
6  months,  whilst  in  set  (d)  it  was  due  to  the  nylon  and  cotton  at  PERME  after  12  months. 

6 . 22  FLS  and  RTL  interactions 

The  FS  and  RT  interactions  were  not  dependent  on  load  during  exposure,  and  are 
therefore  not  listed  in  Table  7, 
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6 .  2  3  RTS  interaction 

The  significance  of  tills  interaction  seems  to  have  been  due  to  the  greater 
abrasion  loss  in  natural-rubber  after  being  at  PERME  for  12  months. 

b . 24  TLS,  LSR  and  FRTL  interactions 

The  TS,  RS  and  FRT  interactions  were  not  dependent  on  load  during  exposure,  and 
are  not  listed  in  Table  7. 

6.25  FRTS  interaction 

The  significance  of  this  interaction  appears  to  have  been  largely  due  to  the 
poorer  performance  in  abrasion  of  Pi’  on  nylon  at  Innisfail  after  6  months,  though  the 
result  is  anomalous  in  that  it  is  higher  than  either  the  6S  results  or  the  average  of 
the  3  and  12  month  results. 

6 . 26  FTLS,  FLSR  and  RTLS  interactions 

The  FTS,  FRS  and  RTS  interactions  were  not  dependent  on  load,  and  are  not  listed 
i n  Tab  1 e  7 . 

7  CONCLUSIONS 

(1)  The  hydrostatic  head  and  mass  loss  on  abrasion  of  nylon  and  cotton  fabrics  of 
similar  mass  per  unit  area,  and  coated  with  natural,  neoprene,  PU  or  CSPE  rubbers,  have 
been  determined  after  exposure  to  weathering  in  UK  or  Australia  for  up  to  1  year  under  a 
load  of  1%  or  10%  of  the  nominal  breaking  load. 

(2)  The  expected  decrease  in  hydrostatic  head  with  abrasion  was  not  generally  con¬ 
firmed;  correlations  between  them  were  low. 

(3)  For  a  given  amount  of  abrasion  on  nylon,  the  hydrostatic  head  of  PU  coating  was 
low,  whilst  for  neoprene  it  was  high. 

(4)  Abrasion  losses  from  nylon  were  about  40%  higher  than  from  cotton. 

(5)  CSPE  suffered  more  abrasion  losses  than  the  other  rubbers,  especially  on  nylon,  but 
were  less  affected  by  weathering. 

(6)  Natural-rubber  lost  more  in  abrasion  than  did  neoprene  or  PU,  especially  at  PERME. 

(7)  PU  had  the  lowest  abrasion  loss  and  least  susceptibility  to  weathering,  except  at 
Innisfail,  though  the  coating  softened  and  tended  to  spread  out  rather  than  be  removed. 

(8)  Neoprene  lost  more  in  abrasion  when  on  cotton  than  when  on  nylon. 

(9)  The  effect  of  load  during  exposure,  whether  as  a  main  factor  or  in  an  interaction, 
had  a  negligible  effect  on  abrasion. 
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Table  1  (concluded) 
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CORRELATION  OF  ABRASION  AND  HYDROSTATIC  HEAD 


OF  ABRASION  ERROR  VARIANCES 
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Table  6  (continued) 


Table  6  (concluded) 


MEAN  ABRASION  MASS  LOSSES, 


Nylon/ Inni sfai 1  44.94  59.90 

Cotton/l’ERME  43.33  46.36 

Cot ton/Cloncurry  37.91  40.68 

Cotton/  Inni sfai 1  35.57  46,09 


Natural  I  Neoprene  I  PU  I  CSPE  [  Natural  I  Neoprene  PU  I  CSPE 


nued ) 


Table  7  (concluded) 


37.36  60.47 
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